INTRODUCTION
Barothermal self-propagating high-temperature synthesis (SHS) involves the use of forces on the synthesized products in the combustion process, which qualitatively modifies the structure of the billet and, hence, the mechanical properties of the final product.
Depending on the chemical nature of reagents and the combustion conditions, the synthesized products may be simple compounds or composite materials in the form of powders, ingots, cakes, and films with about 40 vol.% porosity [1] . The barothermal SHS products are virtually porousless as their structural components join together under pressure, eliminating macropores.
The process of producing SHS compacts is similar to the pressing of cermet powders and includes a series of operations: the charge is batched, poured into a die, pelletized, held under pressure, and removed from the die as a compact.
Hence, experience gained in powder metallurgy should be used in developing the die tooling to mold SHS products [2] . Nevertheless, the SHS process also involves its own, peculiar operations: initiate the combustion reaction, start compaction of the synthesized material, and recompact the product.
Our objective is to develop a process of producing hardmetal cutting plates (synthetic hardmetal tools material) using barothermal SHS.
EXPERIMENTAL PROCEDURE
Experience shows that the most rational and economically sound option is to employ several die toolings peculiar to specific operations in the process. This reduces the auxiliary process time, increases the service life of each die tooling, and improves the SHS process. Individual toolings should be used for the following operations: pelletize the powder mixture, initiate the combustion reaction, synthesize a billet, start its compaction, and mold the material to obtain a billet or product of desired shape. Thus at least three die toolings are needed to optimize the method of barothermal SHS.
This comprehensive approach was used to develop the SHS process to make cutting plates, involving operations to mix the starting components, make isotropic powder pellets, subject them to thermal synthesis, compact the synthesized product to obtain a billet with required density, cut the billet into plates, and subject them to grinding, thermal treatment, and finishing to the standard size.
We used a multiple mold [3] for the operations, in which the synthesized products were pressed to the desired density in one process cycle and the billet was cut into plates of specified size that were then removed from the mold. Figure 1 shows pressing and cutting steps employed in the multiple mold. The sample was a steel plate. Disposable cutting plates from synthetic tool material containing titanium, chromium, nichrome, and carbon were obtained in pilot production. The final material of cutting plates is an alloy of chromium, titanium, and TiC-Cr 3 C 2 carbides with nickel-chromium refractory additions. The density of the plates is 5.52-5.60 kg/m 3 , hardness 92.5-93 HRA, bending strength to 1000 MPa, and red hardness not less than 860C [4] .
The process described makes it possible to produce large articles that are several times greater than can be reached in powder metallurgy (0.1-0.75 m 2 in cross section).
In the cutting operation, each plate is subjected to backpressure, which "softens" the stress state of the billet [5] and the material has higher ability to undergo plastic deformation without failure. This resulted in smooth section without chips or cracks. Backpressure also allows the bending of edges to be avoided.
The stress state is uniquely determined by the principal stresses or three invariants of the stress state. To characterize the stress state, a number of indicators are widely used, for example the stress stiffness factor
and the Lode-Nadai parameter:
The paper [6] shows the advantage of the factor , involving one-to-one correspondence between its values and possible cases of plane stress. Different stress states may correspond to one   . Below are some examples to illustrate the latter statement.
Example 1. One   = +1 corresponds to uniform biaxial tension and uniaxial compression (Fig. 2) . An important advantage of the factor  is a new form of representing the limit state criteria. The classical limit state criteria are represented as the following function:
where m i is a constant that characterizes material properties. The invariants of the principal stresses  1 ,  2 , and  3 are sometimes used as stress state parameters. Using ,   , and stress intensity  i , which uniquely determine the stress state, we can write the strength criterion as
With respect to the plane stress ( 1   2   3 = 0), criterion (4) can be simplified by eliminating   :
To demonstrate the advantages of (5) over (3), let us analyze the experimental results for tube samples made of gray cast iron reported in [7] . The results were processed with the Balandin and Pisarenko-Lebedev twoparameter criteria for structural heterogeneous materials, such as gray cast iron:
.
Expressing the invariants  i and  through the principal normal stresses and constants A, B, a, and b through the limit tension  t and compression  c stresses in the last two equations, we obtain the Balandin criterion
and the Pisarenko-Lebedev criterion
Note that many known criteria are special cases of (8) and (9) . Figure 3 compares the experimental and calculated data in space of the principal stresses in accordance with the conventional approach.
By transformation we obtain Eqs. (8) and (9) in coordinates  i -: Fig. 4 demonstrates that the Balandin and PisarenkoLebedev criteria are of the same order of compliance with experimental data in the range -1    1. For -2   < -1 and 1   < 2, the Balandin criterion leads to a serious, even qualitative distortion and the error reaches more than 60%.
Furthermore, Fig. 4 shows that according to the Pisarenko-Lebedev criterion, the critical stress intensity factor is constant (but is higher than the tensile stress) in the range-2   < -1 and monotonically decreases with increasing  at 1    1.
The presentation of the criteria in form  i =  i () eliminates potential errors and is not subject to conventions as when the limit state criteria are expressed in space of principle stresses, since the  1 - 2 system is valid only for the first quadrant. The axes should be called  1 - 3 for the stress states denoted by points of the fourth quadrant and  2 - 3 for the third quadrant, while the second quadrant is not involved at all.
Particularly noteworthy is that dependences (5) in Fig. 4 are similar to the plastic strain curves that have been widely used over the past half-century [5, [7] [8] [9] . 
